Abstract The intention of this study was to appraise the spatial and temporal variations in the physico-chemical parameters of coastal waters of Rameswaram Island, Gulf of Mannar Marine Biosphere Reserve, south India, using multivariate statistical techniques, such as cluster analysis, factor analysis and principal component analysis. Spatiotemporal variations among the physico-chemical parameters are observed in the coastal waters of Gulf of Mannar, especially during northeast and post monsoon seasons. It is inferred that the high loadings of pH, temperature, suspended particulate matter, salinity, dissolved oxygen, biochemical oxygen demand, chlorophyll a, nutrient species of nitrogen and phosphorus strongly determine the discrimination of coastal water quality. Results highlight the important role of monsoonal variations to determine the coastal water quality around Rameswaram Island.
Introduction
Coastal areas are the most productive as well as valuable habitats. It is subject to great environmental modification because of their dense population, and deterioration in the coastal land use patterns such as urbanization, development of industries and agricultural activities. Monitoring of coastal water quality is one of the main concerns for its degradation and is an informative tool for coastal management and polices. The distribution of nutrients in the sea water exhibits some variations depending on the local conditions such as rainfall, fresh water inflow, tidal incursion and also biological activities (Sushanth and Rajasekar 2012) . Due to the intensification of human activities and urbanization along coastal regions the increase of input of nutrients to the coastal water transpired in the past decades. Coastal areas act as natural filters for suspended sediments and nutrients coming from the land to the open sea. Besides the role of land nutrient discharge, the nutrient concentration variations of coastal marine waters can also be related to oceanic sources, as in the case of areas subject to coastal upwelling events (Matsuura 1986; Gonzalez-Rodriguez et al. 1992; Valentin et al. 1994; Simonassi et al. 2010) . During these events, the productivity increases and the temporal variation in the nutrient concentrations in waters can be high (Valentin et al. 1994; Fock 2003; Brandini et al. 2007 ). Gulf of Mannar (GoM) is located between the northwestern Srilanka and Southeast coast of India and the boundary starts from the southern coast of Rameswaram Island on its north which opens in the south into the North Indian Ocean (NIO). NIO dynamics determines the monsoonal activities particularly in India. GoM intacts with NIO directly as well as receives massive amount of nutrient enriched water from Arabian Sea (AS) as well as freshwater from Bay of Bengal (BoB) during monsoon results in the changes in the coastal water quality, because of the monsoonal currents triumphing in this area. Rameswaram Island is bounded between the longitudes 79°12 0 30 00 E to 79°21 0 30 00 E and the latitudes 9°8 0 55 00 N to 9°19 0 25 00 N with Palk Bay (PB) on its north and GoM on its south (Fig. 1) . The submerged chain of Islands in the Palk Strait and Mannar Island act as physical barriers between GoM and PB (Jyothibabu et al. 2013) , which limits the water and sediments exchange. As a result, the hydrography of the GoM is influenced by the AS waters and PB is influenced by the BoB waters (Murty and Varma 1964; Jyothibabu et al. 2013) . The climatology of this area has been indulgenced into four seasons in a year, i.e., (1) summer (April-May), (2) southwest (SW) monsoon (June-September), (3) northeast (NE) monsoon (October-December) and (4) post-monsoon (JanuaryMarch). The coastal water quality of Rameswaram Island has not been paid attention when compared to the other research works in GoM and most of the available literature and studies do not indicate the present scenario of the GoM influenced. From this study, the physico-chemical characteristics of the GoM was observed and analyzed with strengthens tools about the seasonal variations. The multivariate statistical technique is useful in asserting the temporal and spatial variations caused by natural and anthropogenic factors (Shrestha and Kazama 2007; Garizi et al. 2011) . Cluster analysis (CA) based on euclidean similarity measure is used to group sites recording similarity in environmental parameters (Arumugam et al. 2013) . Principal component analysis (PCA) assists to recognize the factors or origin responsible for seasonal water quality variations (Zare et al. 2011) . As the first principal component accounts for the covariation shared by all attributes, this may be a better estimate than simple or weighted averages of the original variables (Babu . 2010) . PCs actually take the cloud of data points and rotate it such a way that maximum variability is visible (Fathy et al. 2012) . The most significant variables in the components represented by high loadings (correlation coefficient[0.7) taken into consideration for evaluating the components (Mazlum et al. 1993) . Factor analysis (FA) attempts to explain the correlation between the observations in terms of the underlying factors, which are not directly observable (Yu et al. 2003) . In this present study, multivariate statistical techniques such as CA, PCA and FA were applied to the interpretation of complex data matrices to better understand the water quality. It helps in identifying the possible factors/sources that influence water quality (Reghunath et al. 2002; Panda et al. 2006; Bu et al. 2009; Garizi et al. 2011) .
Study area
Rameswaram Island is located in the north boundary of GoM, which is the one of the important islands among the 21 islands of GoM separated from mainland India by the Pamban channel. The Island is located 2 km from the mainland of Tamil Nadu which comes under a part of the Marine Biosphere Reserve protected by Gulf of Mannar Marine National Park. The island stretching from Pamban in the west to Dhanuskodi in the east separates the Palk Bay and the Gulf of Mannar. Gulf of Mannar joined with Palk Strait via Pamban pass and submerged sand patches between Rameswaram Island and Srilanka. Rameswaram Island is bounded between PB in the northern side and GoM in the southern side (Fig. 1) . The length of the island is about 28 km in the east-west direction. The extreme southeastern part of Rameswaram Island known as Dhanuskodi Foreland is a long sand spit of about 4 km length formed up to Arichamunai (tip) from Dhanuskodi and it tends to grow longer and wider. The tidal regime is semidiurnal with an average range of 0.3-0.7 m and hydrodynamics is mainly controlled by the tide currents around the Island. Rameswaram Island comprises a holy pilgrimage site which comes under the sensitive EEZ of Indian coastal water and is surrounded by coral patches and National Marine Biosphere Reserve Park. The most important economic activities are fishing and tourism. During summer, the Island gets inflow of tourists because of the pilgrimage and scenic beauty of the area. During southwest monsoon, the direction of current is clockwise in GoM and the reverse in northeast monsoon.
Materials and methods
Surface water samples around the Rameswaram Island within 500 m from the coast were collected monthly at 13 prefixed locations ( Fig. 1; Table 1 ) with the help of Global Positioning System (GPS) during spring tide from the average water depths at 4-6 m from April 2011 to March 2012. Samples were collected in separate polythene bottles for nutrients, chlorophyll a and suspended particulate matter (SPM), and in glass stopper bottles for the estimation of DO and BOD, respectively, and stored at 4°C for physico-chemical analysis. Water samples were analyzed for various physical, chemical, and biological parameters based on the procedures described in Grasshoff et al. (1983) , Srtickland and Parsons (1972) . Temperature, pH, and salinity were measured insitu using digital thermometer, pH meter (WTW 330i probe, Germany with 0.01 resolution) and salinity meter (WTW 330i probe with accuracy of ±1 digit and 0.1 mS resolution) and turbidity was measured using nephelometer (CyberScan IR TB 100 having 0.01 NTU resolution). DO and BOD concentrations were determined using Winkler's titrimetric methods (Grasshoff et al. 1983 ). The filtered sample using 0.45 lm filter paper for SPM analysis and dissolved nutrients (nitrate, nitrite, ammonia, total nitrogen and total phosphorus) and Chl a is estimated by standard colorimetry methods (Grasshoff et al. 1983) . A double beam UV Visible Spectrophotometer (Systronics Visiscan 167) was used for the colorimetry analysis. Correlation coefficients for surface water in the present study were estimated using STATISTICA 8 software. The Spearman rank correlation was used between water quality parameters for the actual values of seasonally analyzed data. From the careful examination of correlation coefficient, the parameters having r values C0.6 were considered. Based on the r value, the linkage between the various parameters was developed as follows: significance (0.8 B r B 1.0); moderate (0.6 B r \ 0.8) and less significant (0.5 B r \ 0.6). CA, PCA and FA were performed on the water quality data for different seasons to discover the structure in the relationships between the water quality parameters, to identify the important parameters which affect the chemistry of surface water in each season and to investigate the possible sources of different pollutants. Prior to the analysis, the data were standardized to produce a normal distribution of all variables, since water quality parameters had different magnitudes and scales of measurements, which if not taken into account would have given more weight to certain variables due to their respective variance. From the standardized covariance or correlation matrix of the data the initial factor solution were extracted by the multivariate principal components extraction, and then a number of PC were selected from the initial according to their Eigen values.
Results and discussion Figure 2 shows the annual climatology variations based on Japan Meteorological Association data (Tokyo Climate Centre, Climate Prediction Division, Japan). The air temperature ranges from 26.9 to 30.9°C. The peak rainfall 286.8 mm is recorded during NE monsoon. Anthropogenic influences from pilgrimage activities, tourism, organic contamination from fishing and its processing units and domestic discharges affect the coastal environment considerably. Dilution of pollution load around the Island is mainly dominated by tidal influence. The descriptive statistics of the physico-chemical parameters of Rameswaram Island are shown in Table 2 and the seasonal fluctuation of mean values of water quality parameters are illustrated in box plot (Figs. 3, 4) . The box plot is composed of a box around the midpoint (i.e., mean or median) with whiskers outside of the box representing a selected range (i.e., standard error, standard deviation, min-max, or constant). Significant seasonal spatial and temporal variations of all the water quality parameters are revealed. The alkaline pH was observed during the study period in all stations, where it shows the maximum in SW monsoon because of the high saline water (Manikannan et al. 2011) of GoM in contact with the water from AS. Removal of CO 2 , photosynthesis through bicarbonate degradation, dilution of seawater by freshwater influx, low primary productivity, reduction of salinity and temperature besides decomposition of organic materials are key factors which characterize seasonal fluctuations of pH (Rajasegar 2003) . The analogous trend in pH in the coastal waters of GoM was reported by Asha and Diwakar (2007) and Bindu et al. (2005) . Surface water temperature (Fig. 3) is greatly influenced by the atmospheric temperature. During summer, surface water temperature is higher because of longer photoperiod, clear sunshine and parched wind and is lower in post monsoon, due to obscure sky and heavy rainfall. Similar observations have been recorded by Hannien et al. (2000) , Das et al. (1997) , Govindasamy et al. (2000) , and Damotharan et al. (2010) . Seasonal fluctuation in salinity is significant during the monsoon periods showing high and low values in SW and NE monsoons, respectively. This can be due to the intrusion of high salinity waters from the AS because of the summer monsoon current during July-August (Rao et al. 2011; Mariano et al. 1995) , which occurs after the mature phase of the summer monsoon (Jensen 1993) as well as freshwater input due to precipitation during NE monsoon.
Similar trend in the salinity values is also observed from various parts in southeast coast of India (Seenivasan 1998; Palanichamy and Rajendran 2000; Sulochana and Muniyandi 2005; Prabu et al. 2008; Soundarapandian et al. 2009; Damotharan et al. 2010 , Manikannan et al. 2011 . During NE monsoon, high concentration of SPM is recorded, because of the turbulence in the buffer zone of the shallow coastal waters experienced by onset of NE monsoon. The maximum and minimum ranges of DO vary between 5.55-7.57 mg L -1 and 4.37-5.92 mg L -1 during post monsoon and NE monsoon, respectively. This could be attributed to the solubility of DO saturated with minimum temperature during post monsoon (Das et al. 1997; Prabu et al. 2008; Sundaramanickam et al. 2008; Damotharan et al. 2010 , Manikannan et al. 2011 ) and increased organic inputs from the urban areas during NE monsoon. BOD varies extensively, higher in summer (1.60-4.50) mg L . High BOD recorded at M. K. Chathiram is influenced by fishing, tourism, coastal habitat as well as the discharge of dissolved organic matter from land-based resources (Wu et al. 2009 (Wu et al. , 2010 (Fig. 3) . The inorganic phosphorus is high during post monsoon whereas total phosphorus (TP) is high during SW. One of the key factors that enrich the phosphate concentration is the exchange of phosphorous between water and sediment through interstitial water as well as the regenerative property of the sediment is known to play an indispensable role on the distribution of the nutrient (Reddy and Sankaranarayanan 1972; Babu et al. 2000 Babu et al. , 2010 . The Chl a in the upper layer of tropical oceans is limited by the availability of nutrients. Therefore, oceanic processes that can bring nutrients into the euphotic zone are of prime importance (Kumar et al. 2002; Vinayachandran et al. 2004 
Principal component analysis (PCA)
The water quality trend is inferred by correlation matrix and PCA. The seasonal correlation matrix of 12 variables is given in Table 4 . pH is positively correlated with temperature, salinity and SPM during NE monsoon negatively correlated with inorganic phosphorus, nitrate and ammonia during summer and SW. A negative correlation of temperature with DO in all seasons and with ammonia and nitrite during summer and SW is observed. A positive correlation of salinity with SPM, TP and nitrite is observed in all seasons except SW monsoon and it is negatively correlated with BOD during SW and TN during post monsoon. DO is negatively correlated with BOD in all seasons with inorganic phosphorus during summer. This is because of the dilution of organic load followed by the NE monsoon and oxidation during summer. A negative correlation is observed between nitrite and nitrate with ammonia during all seasons except summer. A positive correlation of nitrite with nitrate is observed during summer. A positive correlation of TN with chl a is observed during summer. It is found that a strong linear relationship exists between some of the variables from the correlation matrix. Table 5 and Fig. 6 represent the results obtained for the first and second factors in different seasons. It is observed that factor 1 is dominant in all seasons and together accounted for 37.23 % in summer, 33.97 % in SW, 39.09 % in NE and 30.71 % in post monsoon of the total variance. During NE monsoon the maximum eigen values of 5.47 are observed due to the nutrients associated with positive loadings of pH, temperature, salinity, SPM, TN and TP (0.87, 0.92, 0.85, 0.90, 0.56 and 0.69) . Due to the monsoon impacts, the nutrient enrichment induces the domination factor 1. Factors 2, 3 and 4 are accounted for 16.14, 13.05 and 10.52 % in summer, 18.98, 12.440 and 10.73 % in SW, 19.37, 15.30 and 9.46 % in NE, 24.21, 14.41 and 8.47 % in post monsoon of the total variance. Factors 2, 3 and 4 are dominant during post monsoon, NE and SW monsoon, respectively. During post monsoon, factor 2 records an eigen value of 3.39, because of the nutrients associated with strong positive loading of TP (0.89) and temperature (0.83) as well as strong negative loadings of ammonia (-0.80), respectively. The maximum eigen value of 2.14 for factor 3 during NE monsoon may be attributed to the nutrients associated with strong positive loadings of DO and BOD (0.82 and 0.87), suggesting the dilution of organic loads due to the impact of precipitation. During SW monsoon, factor 4 records an eigen value of 1.50 because of the nutrients associated with strong positive loading of chl a (0.84) and moderate positive loading of inorganic phosphorus (0.68). Factor 2 portrays a strong positive loading with TP during post monsoon and a strong negative loading with TN during summer. This is because of the organic loading which indicates the increased concentration of pollution. In PCA outputs, the positive loadings of nutrients along with negative loadings of DO, pH and temperature indicate that nutrient contribution is related to pollution sources and also it might be due to the consumption of large amounts of oxygen by the organic matter (O'Boyle et al. 1999; Praveena and Aris 2013; Singh et al. 2005; Babu et al. 2010) . The major source of ammonia from the sewage which is the indicative of pollution and the presence of nitrate is mainly due to the processes such as nitrification (Radojevic and Bashkin 2006) . PCA supported these observations in all seasons.
Conclusion
The present study concludes that there are spatial and temporal variations in physico chemical variables of the GoM coastal waters especially because of the monsoonal dynamics prevailing in the study area. The maximum enrichment of nutrients during NE monsoon compared with other seasons occurs because of the precipitation. High organic loadings such as, BOD and nitrate is observed during summer in which the temperature recorded is also high. High salinity and DO are observed during SW monsoon in Pamban South and during post monsoon, respectively. The minimum concentration of nutrients, temperature, SPM and salinity are found during post monsoon period and DO is low during summer monsoon around the Rameswaram Island. The multivariate analysis of the physico chemical parameters using CA, PCA and FA assisted in extracting and recognizing factors or sources of origin responsible for water chemistry. PCA/FA identified three latent factors that explained more than 80 % of the total variance of 12 parameters. The major anthropogenic impacts on the coastal waters of the study area are due to the intensification of tourism, fishing and urbanization by discharging sewage from hotels and settlements directly into the sea. These discharges lead to degradation of coastal water quality causing significant negative impacts on marine ecosystem in water quality, aquatic organisms and coral reefs in particular (Chua et al. 1997; Mokhtar et al. 2009; Praveena and Aris 2013) . This study reveals the usefulness of multivariate statistical techniques for analysis and interpretation of complex data sets, and also for identification of pollution sources and better understanding of seasonal variations in water quality for effective coastal water quality management. 
